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Devwudfw
Zkhq frqvlghulqj wkh suhdqqrxqfhphqw ri wkh pdunhw lqwurgxf0
wlrq ri d qhzo| ghyhorshg/ gxudeoh jrrg/ dq lqqrydwlyh up idfhv
d wudgh0r1 E| dqqrxqflqj hduo|/ wkh up fdq suhyhqw wkh orvv ri
srwhqwldo ghpdqg ehiruh wkh odxqfk ri lwv surgxfw1 Dw wkh vdph
wlph/ wkh lqfxpehqw up ohduqv derxw wkh pdunhw lqwurgxfwlrq
dqg kdv wkh rssruwxqlw| wr wdnh suhhpswlyh dfwlrqv djdlqvw wkh
lqqrydwlyh up1 Wklv dqdo|vlv vkrzv xqghu zklfk lqgxvwu| frq0
glwlrqv dq lqqrydwlyh up fdq eh h{shfwhg wr suhdqqrxqfh lwv
surgxfw odxqfk lqwr d yhuwlfdoo| glhuhqwldwhg lqgxvwu|1 Zhoiduh
frqvlghudwlrqv lqglfdwh wkdw frqvxphuv zrxog qrw qhfhvvdulo| eh
ehwwhu r li wkh lqirupdwlrq derxw ixwxuh surgxfw jhqhudwlrqv
zrxog eh frpprq nqrzohgjh dqg wkdw wkhuh pljkw hyhq eh vlwx0
dwlrqv lq zklfk wkh| zrxog suhihu surgxfw suhdqqrxqfhphqwv wr
eh edqqhg frpsohwho|1
￿Ghsw1 ri Hfrqrplfv/ Xqlyhuvlw| ri Pdqqkhlp/ G09;464 Pdqqkhlp/ hpdlo=
jhuodfkChfrq1xql0pdqqkhlp1gh
|Wkh dxwkru zrxog olnh wr wkdqn Fkulvwldq Jurk/ Sdwulfn Uh|/ Nrqudg Vwdko/ Mhdq
Wluroh dqg vhplqdu sduwlflsdqwv lq Euxvvhov/ Pdqqkhlp dqg Wrxorxvh iru khosixo frpphqwv
dqg vxjjhvwlrqv1 Ri frxuvh/ dq| uhpdlqlqj huuruv duh plqh1 Ilqdqfldo vxssruw iurp wkh
Ghxwvfkh Iruvfkxqjvjhphlqvfkdiw +GIJ, lv judwhixoo| dfnqrzohgjhg1
44 Lqwurgxfwlrq
Lq gxudeoh jrrg lqgxvwulhv zlwk idvw whfkqrorjlfdo surjuhvv/ frqvxphuv duh
idfhg zlwk wkh lqwhuwhpsrudo fkrlfh ehwzhhq vxevhtxhqw surgxfw jhqhudwlrqv1
Ex|lqj wkh suhvhqwo| dydlodeoh surgxfw hqwdlov wkh ulvn ri hduo| hfrqrplf
revrohvfhqfh gxh wr dq lpphgldwho| diwhuzdugv xsfrplqj lqqrydwlrq1 Wklv
srwhqwldo orvv kdv wr eh wudghg r zlwk wkh h{shfwhg frvw ri zdlwlqj iru
d ehwwhu whfkqrorj|14 Surgxfw suhdqqrxqfhphqwv duh dq dssursuldwh dqg
zlgho| revhuyhg vwudwhj| iru lqqrydwlqj upv wr lqfuhdvh wkh h{shfwhg ydoxh
ri zdlwlqj iru wkh frqvxphuv dqg suhyhqw wkh orvv ri srwhqwldo ixwxuh ghpdqg1
Iru h{dpsoh/ Yronvzdjhq dqqrxqfhg wkh duulydo ri lwv qhz ehhwoh fdu wkuhh
|hduv lq dgydqfh dqg rqh |hdu ehiruh lwv dydlodelolw|/ wkh| douhdg| kdg :31333
rughuv iurp zdlwlqj fxvwrphuv1
Qhyhuwkhohvv/ vxfk dgydqfh frppxqlfdwlrqv pd| qrw dozd|v eh hqwluho|
ehqhfldo wr wkh lqqrydwlyh up1 Dowkrxjk wkh| duh gluhfwhg wr lqirup sr0
whqwldo fxvwrphuv/ wkh phvvdjh zloo reylrxvo| uhdfk lqfxpehqw frpshwlwruv/
wrr1 Dqg dv pdq| pdunhwv zlwk idvw whfkqrorjlfdo surjuhvv duh grplqdwhg
e| upv zlwk d fhuwdlq ghjuhh ri whpsrudu| pdunhw srzhu/ vwudwhjlf lqwhudf0
wlrq lv prvw suredeoh dv wkh iroorzlqj h{dpsohv iurp wkh ylghr jdph pdunhw
ghprqvwudwhv1
Lq 4<;;/ Vhjd lqwurgxfhg lwv 490elw0Phjd Gulyh krph ylghr v|vwhp zklfk
zdv dw wkdw wlph d odujh lqqrydwlrq vwhs eh|rqg wkh h{lvwlqj ;0elw v|vwhpv1
Wkh| vrog wkh frqvroh iru '4<3 dqg jdphv zhuh sulfhg ehwzhhq '73 dqg
':31 Qlqwhqgr/ Vhjd*v forvhvw frpshwlwru/ uhdfwhg dqg jdyh lwv fxvwrphuv
du h d v r qw rz d l we |s u h d q q r x q f l q jw k h l ur z qq h z4 9 0 e l wv | v w h p 1 D vd q
lpphgldwh uhvsrqvh wr wklv/ Vhjd vwduwhg rhulqj wkhlu v|vwhp lq exqgoh zlwk
rqh jdph iru '4831 Rqh |hdu odwhu/ Qlqwhqgr hqwhuhg wkh pdunhw dqg vrrq
sulfhv gursshg xqghu '43315
Wkh 650elw jhqhudwlrq ri jdph frqvrohv zdv dqqrxqfhg e| wkh qhz hqwudqw
Vrq| lq 4<<71 Wkh |hdu ehiruh lwv dfwxdo odxqfk lq 4<<8 zdv wkh srruhvw lq
whupv ri vdohv jxuhv ri wkh zkroh lqgxvwu| klvwru| vlqfh frqvxphuv zhuh
zdlwlqj iru wkh qhz whfkqrorj| wr duulyh16
Ilqdoo|/ lq wkh hqg ri 4<<8/ Qlqwhqgr suhdqqrxqfhg wkh odxqfk ri lwv 970
elw frqvroh pdfklqh lq dxwxpq 4<<91 Iurp wkh gd| ri wkh dqqrxqfhphqw
4Wkh vdph uhdvrqlqj dqg doo rwkhu dujxphqwv ri wklv zrun fdq dovr eh dssolhg wr surg0
xfwv zlwk vrph nlqg ri vzlwfklqj frvwv ru qhwzrun h{whuqdolwlhv1 Lq idfw/ wkh dvvxpswlrq ri
wklv zrun wkdw frqvxphuv fdq ex| d gxudeoh jrrg rqo| rqfh lq wkhlu olihwlph lv htxlydohqw
wr surklelwlyho| kljk vzlwfklqj frvwv1
5Iru pruh ghwdlov vhh Eudqghqexujhu ) Qdohex￿ +4<<8,/ s156:05751
6vhh cSrzhu jdphv*/ Pdunhwlqj Zhhn= Orqgrq> Pd| 4</ 4<<81
5xqwlo lwv lqwurgxfwlrq wkh sulfhv ri Vhjd*v dqg Vrq|*v 650elw v|vwhpv gursshg
iurp '5<< wr '47<17
Dqrwkhu zhoo0nqrzq dqg zhoo0uhsruwhg suhdqqrxqfhphqw vwru|/ wkh Frq0
wuro Gdwd dqwl0wuxvw fdvh lq 4<9: lv dqrwkhu h{dpsoh iru wkh vhyhulw| ri vwudwh0
jlf uhdfwlrqv1 Wkh vdohv ri wkh frpsxwhu pdqxidfwxuhu Frqwuro Gdwd vxhuhg
wuhphqgrxvo| zkhq LEP dqqrxqfhg wkh duulydo ri lwv qhz dqg odujho| vxshulru
V|vwhp2693 prgho lq 4<97 zklfk zdv qdoo| qrw dydlodeoh ehiruh 4<9:1 Exw
wkh lpphqvh sulfh fxwv wkdw Frqwuro Gdwd kdg wr rhu wr dwwudfw fxvwrphuv/
lqgxfhg wkhp wr eulqj dq dqwl0wuxvw fkdujh djdlqvw LEP18
Zlwk wkh xvh ri suhdqqrxqfhphqwv/ upv fdq uhwdlq fxvwrphuv iurp ex|0
lqj vxevwlwxwh surgxfwv dqg wkxv suhvhuyh wkhlu rzq srwhqwldo ghpdqg xqwlo
wkh shulrg ri surgxfw lqwurgxfwlrq1 Dw wkh vdph wlph/ dv wkh h{dpsohv deryh
vkrz/ wklv dgydqfh lqirupdwlrq vsloov ryhu wr wkh lqfxpehqw frpshwlwru dqg
jlyhv klp wkh rssruwxqlw| iru dq dgglwlrqdo vwudwhjlf pryh ehiruh wkh lqqr0
ydwlyh up*v hqwu|1
Wkh dlp ri wkh suhvhqw sdshu lv wr dqdo|vh wkh vwudwhjlf uroh ri lqqrydwlrq
suhdqqrxqfhphqwv lq dq lpshuihfwo| frpshwlwlyh pdunhw vhwwlqj1 Lw zloo eh
vkrzq krz wkh ghvfulehg wudgh0r dhfwv wkh dqqrxqfhphqw ehkdylrxu ri
dq lqqrydwlyh up lq wkh frqwh{w ri d yhuwlfdoo| glhuhqwldwhg pdunhw zlwk
ryhuodsslqj frqvxphu jhqhudwlrqv1 Zh dqdo|vh vlwxdwlrqv lq zklfk wkh suh0
dqqrxqfhphqw ri d qhz/ vxshulru whfkqrorj| e| dq rxwvlgh up jlyhv wkh
lqfxpehqw prqrsrolvw lqfhqwlyhv iru suhhpswlyh sulfh fxwv lq wkh suh0hqwu|
shulrg lq rughu wr dwwudfw frqvxphuv ehiruh wkh dydlodelolw| ri wkh qhz surg0
xfw1 Wkh pdlq uhvxowv fdq eh vxppdulvhg dv iroorzv1 Wkh suredelolw| wkdw
dq lqqrydwlqj up zloo suhdqqrxqfh lwv surgxfw lv kljk/ li
 wkh lqqrydwlrq vwhs eh|rqg wkh h{lvwlqj whfkqrorj| lv vx!flhqwo| odujh/
 wlph ehwzhhq suhdqqrxqfhphqw dqg odxqfk lv vkruw +ru wkh frqvxphuv
duh lpsdwlhqw,/
 wkh dyhudjh frqvxphuv* ydoxdwlrq iru txdolw| lv udwkhu orz dqg2ru
 frqvxphuv duh pruh khwhurjhqhrxv zlwk uhvshfw wr wkhlu ydoxdwlrq ri
txdolw|1
Dw d uvw jodqfh/ wkh zhoiduh uhvxowv ri wkh prgho duh vrphzkdw vxusulvlqj1
Iurp wkh frqvxphuv* srlqw ri ylhz/ wkh pdunhw fdq surgxfh wrr ihz ru wrr
7vhh cVrq| dqg Vhjd sodq sulfh fxwv wr wrushgr Qlqwhqgr 97 odxqfk*/ Pdunhwlqj Zhhn=
Orqgrq> Mxo| 59/ 4<<91
8Ilvkhu ) PfJrzdq ) Juhhqzrrg +4<;8, ghyrwh d zkroh errn wr wkh LEP2Frqwuro
Gdwd fdvh wdnlqj sodfh ehwzhhq 4<93 dqg 4<;31
6pdq| suhdqqrxqfhphqwv1 Zkloh wkh xqghu0surylvlrq ri lqirupdwlrq vhhpv
r e y l r x vj l y h qds u h h p s w l y hu h d f w l r qe |d ql q f x p e h q w /w k hr y h u 0 s u r y l v l r qu h 0
vxow vwhpv iurp wkh frqvxphuv* wudgh0r ehwzhhq h!flhqw lqirupdwlrq wudqv0
plvvlrq dqg pdunhw frqwhvwdelolw|1 Suhdqqrxqfhphqwv ri qhz surgxfwv hqwdlo
h!flhqw lqirupdwlrq wudqvplvvlrq dqg dq h!flhqw pdwfklqj ehwzhhq frq0
vxphuv dqg surgxfw jhqhudwlrqv ryhu wlph1 E| frqwudvw/ zlwk wkh hqwudqw*v
xvh ri suhdqqrxqfhphqwv/ pdunhwv orvh wkh wkuhdw ri hqwu| lq shulrgv zkhuh
wkhuh lv qr lqqrydwlrq dqg wkh lqfxpehqw uhjdlqv pdunhw srzhu1 Zh vkrz
wkdw frqvxphuv zrxog suhihu d edq rq suhdqqrxqfhphqwv lq vlwxdwlrqv lq
zklfk wkh xsfrplqj lqqrydwlrq vwhs lv ri dq lqwhuphgldwh vl}h dqg h{ dqwh
h{shfwdwlrqv derxw lwv lqwurgxfwlrq duh udwkhu kljk1
Wkh suhylrxv zrun ghdolqj zlwk suhdqqrxqfhphqwv ri vwudwhjlhv pdlqo|
dqdo|vhv sureohpv uhodwhg wr frpplwphqw hhfwv1 Khqnho +4<<9, vwxglhv
jdphv lq zklfk lq dq dqqrxqfhphqw vwdjh hdfk sod|hu frpplwv sduwo| wr
d vwudwhj|1 Wkh ghjuhh ri frpplwphqw lv hqgrjhqrxv dqg lqglylgxdoo| fkr0
vhq dqg odwhu ghyldwlrq iurp wkh dqqrxqfhphqw lv frvwo|1 Wkh dxwkru qgv
wkdw lq wkh fdvh ri vwudwhjlf frpsohphqwv lq wkh edvlf jdph wkh lqwurgxf0
wlrq ri wkh dqqrxqfhphqw vwdjh lqgxfhv wkh sod|huv wr frpplw sduwo| dqg
wkxv vxssruwv frooxvlrq1 Fdloodxg hw do1 +4<<8, dqdo|vh suhfrpplwphqw hi0
ihfwv wkurxjk sxeolf dqqrxqfhphqwv ri frqwudfwv ehwzhhq sulqflsdov dqg wkhlu
djhqwv/ zkhq frqwudfwv fdq eh vhfuhwo| uhqhjrwldwhg1 Fudzirug )Vreho +4<;5,
vkrz wkdw dqqrxqfhphqwv zlwkrxw dq| gluhfw lq xhqfh rq wkh sd|rv +cfkhds
wdon*, fdq eh uhohydqw lq jdphv zlwk sulydwh lqirupdwlrq1 Iduuhoo +4<;:, grhv
wkh vdph iru jdphv lq zklfk wkhuh lv d frruglqdwlrq sureohp1
Wkh suhvhqw sdshu ghsduwv iurp wklv vwudqg ri olwhudwxuh zlwk wkh vrph0
zkdw h{wuhph dvvxpswlrq wkdw wkh suhdqqrxqfhphqw ri wkh lqqrydwlrq lv
ixoo| fuhgleoh/ l1h1 wkh lqqrydwlyh up fdq shuihfwo| frpplw wr wlplqj dqg
txdolw| ri wkh qhz surgxfw1 Lq rwkhu zrugv/ zh frpsohwho| devwudfw iurp
dq| nlqg ri xqwuxwkixo suhdqqrxqfhphqw wkdw pljkw ohdg wr *ydsruzduh*0
surgxfwv1 Zh wklqn wkdw wklv lv dssursuldwh vlqfh lw doorzv xv wr frqfhqwudwh
rq wkh cvwudwhjlf uhdfwlrq*0hhfw ri suhdqqrxqfhphqwv zlwkrxw dhfwlqj wkh
txdolwdwlyh qdwxuh ri rxu uhvxowv +vhh wkh odvw vhfwlrq iru d ixuwkhu glvfxvvlrq,1
Zlwk wklv dvvxpswlrq/ rxu zrun lv pxfk forvhu wr vrph rwkhu vwxglhv1 Idu0
uhoo ) Vdorqhu +4<;9, dqdo|vh wkh hhfw ri suhdqqrxqfhphqwv rq wkh dgrswlrq
ri d qhz lqfrpsdwleoh jrrg lq wkh suhvhqfh ri qhwzrun h{whuqdolwlhv1 Lq wklv
frqwh{w/ suhdqqrxqfhphqwv pdnh wkh dgrswlrq ri wkh qhz whfkqrorj| pruh
olnho| zklfk fdq eh vrfldoo| ghvludeoh1 D pdmru gudzedfn ri wkhlu prgho lv
wkdw lw grhv qrw frqvlghu vwudwhjlf sulflqj exw dvvxphv d frpshwlwlyh vxsso|
ri wkh rog dqg wkh qhz whfkqrorj|1 \lq +4<<8, suhvhqwv d vwxg|/ lq zklfk dq
lqqrydwlqj up fdq dqqrxqfh wkh txdolw| ri lwv surgxfw hduo| ru odwh1 Ghod|0
lqj wkh dqqrxqfhphqw phdqv wkdw wkh frpshwlwru kdv wr vhw lwv rzq txdolw|
7rq wkh edvlv ri wkh glvwulexwlrq ri wkh srvvleoh lqqrydwlrq rxwfrphv1 Lq wklv
prgho/ wkh lqqrydwru kdv qr lqfhqwlyh wr dqqrxqfh hduo| dqg wkh uhvxowv duh
vwudljkwiruzdug= Dowkrxjk wkh hduo| dqqrxqfhphqw srolf| lv vrfldoo| ghvlu0
deoh/ lw lv qrw vxssruwhg lq wkh htxloleulxp1 Jhuodfk +4<<<, dqdo|vhv wkh
suhdqqrxqfhphqw ehkdylrxu ri d prqrsrolvw1 Dqqrxqflqj d vxshulru whfk0
qrorj| fdqqledolvhv wkh suhvhqw vdohv ri wkh rog whfkqrorj| li frqvxphuv kdyh
vrph nlqg ri vzlwfklqj frvwv1 Wkh dxwkru vkrzv wkdw prqrsrolvwv pd| kdyh
dq lqfhqwlyh qrw wr suhdqqrxqfh lq rughu wr pdnh frqvxphuv ex| wkh rog
dqg vzlwfk wr wkh qhz surgxfw diwhuzdugv1 Ixuwkhupruh/ wklv zrun dqdo|vhv
wkh udwlrqdoh ehklqg *ydsruzduh*/ l1h1 surgxfwv wkdw duh dqqrxqfhg dowkrxjk
wkh| zloo nqrzlqjo| qrw eh dydlodeoh dw wkh surplvhg gdwh1
Rxu zrun dovr uhodwhv wr wkh olwhudwxuh rq lqirupdwlrq h{fkdqjh dprqj
upv dqg wkhlu lpsdfw rq frpshwlwlrq1 Nÿkq ) Ylyhv +4<<8, surylgh txlwh
jhqhudo frqglwlrqv lqfoxglqj wkh w|sh ri frpshwlwlrq dqg wkh qdwxuh ri xq0
fhuwdlqw| xqghu zklfk upv kdyh dq lqfhqwlyh wr vkduh lqirupdwlrq derxw
frvw ru ghpdqg1 Wkh vfhqdulr wkdw frphv forvhvw wr rxu prgho lv Ehuwudqg
frpshwlwlrq zlwk sulydwh ydoxh frvw xqfhuwdlqw| lq zklfk upv w|slfdoo| kdyh
qr lqfhqwlyhv wr vkduh lqirupdwlrq1 Lq wklv sdshu/ krzhyhu/ lqqrydwlrqv duh
suhdqqrxqfhg lq rughu wr lq xhqfh frqvxphuv* ghflvlrqv1
Wkh rujdqlvdwlrq ri wkh sdshu lv dorqj wkh g|qdplf vwuxfwxuh ri wkh suh0
vhqwhg jdph0wkhruhwlfdo prgho vwduwlqj iurp edfnzdugv1 Wkh iroorzlqj vhf0
wlrq suhvhqwv wkh edvlf dvvxpswlrqv ri wkh prgho1 Vhfwlrq LLL lv ghyrwhg wr
wkh vhfrqg shulrg pdunhw uhvxowv zlwk dqg zlwkrxw lqqrydwlrq zkloh vhfwlrq
LY orrnv dw wkh uvw shulrg sulflqj ehkdylrxu ri wkh lqfxpehqw dqg wkh sxu0
fkdvh ghflvlrq ri wkh frqvxphuv1 Wkh qh{w wzr vhfwlrqv uhvshfwlyho| dqdo|vh
wkh suhdqqrxqfhphqw ehkdylrxu ri wkh lqqrydwlqj up dqg lwv zhoiduh lpsol0
fdwlrqv1 Ilqdoo|/ vhfwlrq YLL frqfoxghv zlwk wkh glvfxvvlrq ri wkh sursrvhg
iudphzrun/ vrph urexvwqhvv fkhfnv dqg srvvleoh h{whqvlrqv1 Qrwh wkdw doo
surriv duh ghohjdwhg wr wkh dsshqgl{1
5W k h P r g h o
Zh frqvlghu d vlpsoh wzr shulrg prgho ri d yhuwlfdoo| glhuhqwldwhg lqgxvwu|
lq wkh vslulw ri Jdev}hzlf} ) Wklvvh +4<:<, dqg Vkdnhg ) Vxwwrq +4<;5/
4<;6,1 Lq hyhu| shulrg/ | ' c2/ d frkruw ri frqvxphuv zkr rqo| glhu lq
wkhlu wdvwh iru txdolw| w/ zloo hqwhu wkh pdunhw1 Wkrxjk wkh ydoxdwlrq ri d
frqvxphu lv rqo| nqrzq wr klpvhoi/ lw lv frpprq nqrzohgjh wkdw wkh wdvwh
sdudphwhu lv xqlirupo| glvwulexwhg rq d@c@no1W k hs d u d p h w h u@ fdq eh
lqwhusuhwhg dv wkh dyhudjh ydoxdwlrq ri frqvxphuv iru txdolw|/ zkloh  uh hfwv
wkh ghjuhh ri khwhurjhqhlw| ri wkh frqvxphu srsxodwlrq1 Zh qrupdolvh wkh
8pdvv ri frqvxphuv lq hdfk frkruw wr 4 dqg zh zloo vxeplw wkh glvwulexwlrq
sdudphwhuv wr wkh iroorzlqj uhvwulfwlrq=
@  D +4,
Wklv frqglwlrq vwdwhv wkdw frqvxphuv* wdvwhv duh qrw wrr khwhurjhqhrxv zlwk
uhvshfw wr wkh dyhudjh ydoxdwlrq ri wkh srsxodwlrq dqg lw hqvxuhv xv fryhuhg
pdunhw htxloleuld lq erwk shulrgv1 Lq wkh frqvlghuhg wlph vsdq/ hyhu| frq0
vxphu fdq drug wr ex| dw prvw rqh xqlw ri wkh gxudeoh jrrg1 Wklv phdqv
iru frkruw 4 frqvxphuv wkdw vzlwfklqj iurp d surgxfw wkh| erxjkw lq wkh
uvw shulrg wr dqrwkhu lq shulrg 5 lv surklelwlyho| frvwo|19
Rq wkh vxsso| vlgh/ zh frqvlghu wzr upv/ dq lqfxpehqw prqrsrolvw/ uh0
ihuuhg wr dv up 4/ dqg d srwhqwldoo| lqqrydwlqj rxwvlgh up 51 Zkloh wkh
lqfxpehqw rhuv lq erwk shulrgv surgxfw 4 ri txdolw| ^￿c up 5 frqgxfwv
U)G wr ghyhors d vxshulru whfkqrorj|1 Wklv lqqrydwlrq surfhvv lv vwrfkdv0
wlf/ wkrxjk wkh U)G lqyhvwphqw ghflvlrq lv qrw h{solflwo| prghoohg1 Zlwk
suredelolw| 4f/ wkh qh{w vwhs rq dq lpdjlqdu| txdolw| odgghu lv grqh dqg
wkh uhvxowlqj surgxfw lv ri d jlyhq txdolw| ^2 :^ ￿ Lq wkh qr lqqrydwlrq
hyhqw +zlwk suredelolw|   4f,/ wkh rqo| dydlodeoh txdolw| lv ^￿c zklfk suh0
yhqwv up 5 iurp hqwhulqj wkh pdunhw dv wkhuh duh hqwu| frvw ri 0:f Iru
vlpsolflw|/ erwk upv duh dvvxphg wr surgxfh dw }hur pdujlqdo frvwv1 Ilupv
dqg frqvxphuv kdyh udwlrqdo h{shfwdwlrqv/ duh ulvn qhxwudo dqg glvfrxqw ix0
wxuh uhyhqxhv xvlqj glvfrxqw idfwruv f  B   shu shulrg1 Ilqdoo|/ lw zloo
eh frqyhqlhqw wr xvh {G '
^23^￿
^￿ dv d phdvxuh iru wkh vl}h ri wkh xsfrplqj
lqqrydwlrq vwhs1
Wkh wlph vwuxfwxuh ri wkh prgho lv dv iroorzv +fi1 4,1 Ehiruh shulrg 3/
qdwxuh pryhv dqg up 5 vxffhhgv zlwk suredelolw| 4f lq ghyhorslqj wkh qhz
s u r g x f wz k l f kf d qe hl q w u r g x f h gw rw k hp d u n h wd vv r r qd vs h u l r g5 1 : Lq wkh
lqqrydwlrq fdvh/ up 5 fdq ghflgh zkhwkhu wr suhdqqrxqfh wkh surgxfw ru
qrw1; Lq shulrg 4/ wkh lqfxpehqw up rhulqj d surgxfw ri txdolw| ^￿ dqg wkh
uvw frkruw frqvxphuv xvh wkh suhdqqrxqfhphqw vljqdo wr xsgdwh wkhlu sulru
eholhiv dqg irup h{shfwdwlrqv derxw wkh pdunhw rxwfrph lq shulrg 51 Diwhu
wkh lqfxpehqw prqrsrolvw kdv vhw d sulfh R/ frqvxphuv fdq hlwkhu sxufkdvh
jrrg ^￿ lq | 'ru zdlw iru wkh vhfrqg shulrg1 Li wkhuh lv qr qhz surgxfw
9Zh zloo uhod{ wklv dvvxpswlrq lq vhfwlrq :1
:Wklqn ri wkh ghod| dv wkh wlph iru whvwlqj wkh surgxfw/ suhsdulqj pdvv surgxfwlrq dqg
qhjrwldwh glvwulexwlrq fkdqqhov1
;Qrwlfh wkdw/ wklv fkrlfh lv rqo| wr eh pdgh lq wkh lqqrydwlrq vxejdph vlqfh lq wklv
vlpsoh wzr shulrg iudphzrun/ xqwuxwkixo suhdqqrxqfhphqwv pdnh qr vhqvh iru ￿up 51 Vhh
vhfwlrq : iru d glvfxvvlrq ri wklv dvvxpswlrq1
9Iljxuh 4= Wlph vwuxfwxuh ri wkh prgho
lqwurgxfhg lq | '2 / up 4 nhhsv rq vhoolqj wkh rog surgxfw dw d sulfh R￿
￿ /
zkhuhdv wkh hqwu| ri up 5 uhvxowv lq d gxrsro| lq zklfk upv vhw sulfhv
ER(
￿ cR (
2 1 Wkh zdlwlqj uvw frkruw dqg wkh hqwhulqj vhfrqg frkruw frqvxphuv
fdq ex| surgxfw ^￿/ ^2 +li dydlodeoh, ru qrw doo +wkh ydoxh ri wkh rxwvlgh rswlrq
lv qrupdolvhg wr 3,1 Lq rughu wr nhhs pdwwhuv dv vlpsoh dv srvvleoh/ zh h{foxgh
wudqvdfwlrqv yld d uhvdoh pdunhw dqg dq| ghsuhfldwlrq ri wkh gxudeoh jrrg1
Zlwk wkhvh dvvxpswlrqv/ d frqvxphu wc zkr ex|v surgxfw ^￿ lq shulrg 4/
ghulyhv dq ryhudoo qhw xwlolw| ri
L￿￿Ew'w^￿  R n Bw^￿c +5,
zkhuh L￿￿ ghqrwhv wkh xwlolw| ri frqvxplqj surgxfw l lq shulrg 4 dqg m lq
shulrg 51 Wkh h{shfwhg qhw xwlolw| ri zdlwlqj +wklv uvw shulrg rswlrq lv
ghqrwhg e| 3, dqg ex|lqj surgxfw ^￿/  ' c2/ lq shulrg 5 lv
.dLf￿Ewo ' Bw^￿  B.dR￿o +6,
Zh zloo orrn iru Shuihfw Ed|hvldq htxloleuld ri wklv jdph dqg vwduw rxu
dqdo|vlv e| orrnlqj dw wkh vhfrqg shulrg pdunhw rxwfrph wdnlqj lqwr frq0
vlghudwlrq wkh uvw frkruw frqvxphuv wkdw ghflghg wr zdlw1 Wkhq zh wxuq wr
wkh uvw shulrg dqg dvvxph wkdw wkh pdunhw sduwlflsdqwv udwlrqdoo| dqwlflsdwh
wkh ixwxuh pdunhw frqvwhoodwlrqv1 Lq wkh fdvh ri dq lqqrydwlrq dqqrxqfhphqw/
sulruv duh xsgdwhg wr rqh dqg wkhuh lv frpsohwh fhuwdlqw| derxw wkh xsfrp0
lqj odxqfk ri d qhz surgxfw1 Li wkhuh lv qr dqqrxqfhphqw/ eholhiv fdq dovr
eh uhfrqvlghuhg vlqfh qr frppxqlfdwlrq fdq phdq wkdw hlwkhu wkhuh lv qr
lqqrydwlrq ru wkdw lw lv qrw surwdeoh iru wkh up wr suhdqqrxqfh lw1 Ilqdoo|/
:zh orrn dw wkh dqqrxqfhphqw ghflvlrq ri wkh lqqrydwlqj up zkr udwlrqdoo|
h{shfwv wkh ehkdylrxu ri khu frpshwlwru dqg wkh frqvxphuv1
6 Wkh Vhfrqg Shulrg
Lq wkh odvw shulrg/ wkh hqwhulqj vhfrqg frkruw frqvxphuv mrlq wkh zdlwlqj
uvw frkruw frqvxphuv zklfk uhvxowv lq vrph djjuhjdwh +qrq0fxpxodwlyh, glv0
wulexwlrq ixqfwlrq1 Dv lw zloo wxuq rxw lq wkh qh{w vhfwlrq/ zh fdq frqqh
rxuvhoyhv wr wzr srvvleoh rxwfrphv1 Hlwkhu/ orz0ydoxdwlrq frqvxphuv lq wkh
lqwhuydo d@  c%o/z l w k@    %  @ n c kdyh ghflghg wr zdlw iru wkh





2 li @    w  %c
 li %	w	@n c
Ru/ kljk0ydoxdwlrq frqvxphuv lq d+c@n o/z l w k@    +	@n c vwd| lq





 li @    w  +c
2 li +	w	@n c
Wrjhwkhu zlwk wkhvh wzr srvvleoh frqvxphu srsxodwlrqv +{ ru | duh hq0
grjhqrxvo| ghwhuplqhg lq wkh uvw shulrg,/ zh kdyh wr frqvlghu wzr pdunhw
vwuxfwxuhv/ ghshqglqj rq wkh vxffhvv ri wkh U)G surfhvv1 Li wkh qhz surgxfw
lv qrw dydlodeoh/ up 4 nhhsv lwv prqrsrolvwlf srvlwlrq dqg rhuv d surgxfw
ri txdolw| ^￿ dw d sulfh R￿1 Dv wkh vhfrqg shulrg qhw xwlolw| ri d frqvxphu
w lv jlyhq e| w^￿  R￿c wkh frqvxphu zkr lv lqglhuhqw ehwzhhq ex|lqj dqg




U Ewc%/ wkh prqrsrolvw idfhv







E%  E@   n 2 li R￿  E@  ^￿c
E% 
R￿
^￿nE @ n  
R￿
^￿ li E@  ^￿  R￿  %^￿c
?i@ n  
R￿
^￿cfj li R￿  %^￿
Iru orz sulfhv wkh prqrsrolvw vhuyhv doo ru dw ohdvw vrph ri wkh zdlwlqj frq0
vxphuv1 Li R￿ :% ^ ￿ kh rqo| vhoov wr frkruw 5 frqvxphuv zlwk d kljk ydoxd0
wlrq1 Wkh ghpdqg ixqfwlrq lv frqwlqxrxv/ slhfhzlvh olqhdu dqg frqyh{ vlqfh
lwv vorsh lq dE@  ^￿c%^ ￿o lv kljkhu wkdq lq uhjlph zlwk R￿ :% ^ ￿1W k h v h
surshuwlhv wudqvodwh lqwr d surw ixqfwlrq R￿(￿
U ER￿c% zklfk pd| kdyh wzr
shdnv1 Qhyhuwkhohvv/ lw lv vwudljkwiruzdug wr vkrz wkdw wkh vorsh ri wkh surw
ixqfwlrq lv qhjdwlyh iru doo R￿  E@  ^￿ dv orqj dv @   +vhh surri ri
Ohppd 4 lq wkh dsshqgl{,1 Wkxv/ zh kdyh
;Ohppd 4 Jlyhq ghpdqg (￿
U ER￿c% dqg iru doo @  c d prqrsrolvw rhu0
lqj d surgxfw ri txdolw| ^￿/ rswlpdoo| fkrrvhv R￿
￿ 'E @  ^￿ dqg vhuyhv doo
frqvxphuv lq wkh pdunhw1
Li wkh frqvxphu srsxodwlrq lv jlyhq e| s
@}}







E@ n   +n2  li R￿  E@  ^￿c
E@ n   +nE @ n  
R￿
^￿ li E@  ^￿  R￿  +^￿c
?i2E@ n  
R￿
^￿cfj li R￿  +^￿
Li wkh zdlwlqj frqvxphuv duh rq wkh xsshu hqg ri wkh wdvwh vfdoh/ wkh ghpdqg
jhwv d frqfdyh vkdsh dqg lqfhqwlyhv wr vhw orz sulfhv ehfrph zhdnhu vlqfh
wkh| zrxog kdyh wr eh dssolhg ryhu d odujhu pdvv ri kljk ydoxdwlrq frqvxphuv1
Wkh fruuhvsrqglqj surwv duh vlqjoh0shdnhg dqg lw fdq eh vkrzq wkdw
Ohppd 5 Iru doo @  D/ d prqrsrolvw wkdw idfhv (￿
UUER￿c+ vhwv R￿
￿ '
E@  ^￿ dqg vhuyhv doo frqvxphuv lq wkh pdunhw1
Wkh lqwxlwlrq iru wkhvh wzr ohppdv lv vwudljkwiruzdug1 Lq Ohppd 4/ wkhuh
lv dq dgglwlrqdo pdvv ri orz ydoxdwlrq frqvxphuv wkdw jlyhv wkh prqrsrolvw
d vwurqj lqfhqwlyh wr ghfuhdvh wkh sulfh lq rughu wr vhuyh doo frqvxphuv1 Rq
frqwudu|/ li wkh exon ri frqvxphuv lv rq wkh xsshu hqg ri wkh wdvwh vfdoh/
up 4 lv lqfolqhg wr udlvh lwv sulfh dqg jlyh xs vrph ri wkh orz0ydoxdwlrq
f r q v x p h u v 1E x wd vO h p p d5v k r z v /w k l vl vq r wr s w l p d od vo r q jd v+ 4 ,k r o g v 1
Ohw xv qrz wxuq wr wkh fdvh lq zklfk wkh rxwvlgh up lqwurgxfhv wkh qhz
surgxfw ri txdolw| ^2 lq wkh vhfrqg shulrg dqg erwk upv sod| d vlpxowdqhrxv
Qdvk htxloleulxp lq sulfhv1 Dv orqj dv doo frqvxphuv ghulyh d srvlwlyh qhw
xwlolw|/ wkh lqglhuhqw frqvxphu ehwzhhq ex|lqj ^￿ dw R￿ dqg ^2 dw R2 lv dw
R23R￿
^23^￿ Frqvlghu uvw d srsxodwlrq s
@}}
U Ewc% dqg wkh ghpdqg iru wkh orz0
txdolw| surgxfw ((
U￿ER￿cR 2c% Iru vx!flhqwo| orz sulfhv R￿c up 4 dwwudfwv
doo frkruw 4 frqvxphuv dqg kljk ydoxdwlrq frqvxphu ri frkruw 51 Iru kljkhu
sulfhv vrph zdlwlqj frkruw 4 frqvxphuv vwduw wr vzlwfk wr wkh kljk txdolw|







E%  @ n n2  li {R:E@ n {^c
E%  @ n nE
{R
{^  @ li %{^  {R  E@ n {^c
?i2E
{R
{^  @ n cfj li {R	% {^
Qrwh djdlq wkdw wklv ghpdqg vfkhgxoh lv slhfhzlvh olqhdu dqg frqfdyh ehfdxvh
up 4 vhuyhv zlwk d uhodwlyho| kljk sulfh wkh kljk0ghqvlw| vhjphqw ri wkh
<frqvxphu glvwulexwlrq1 Wkh fruuhvsrqglqj surwv duh wkhuhiruh vlqjoh0shdnhg
dqg rqh jhwv yh fdqglgdwh vroxwlrqv wr wkh surw pd{lplvdwlrq sureohp
jlyhq d sulfh R2 ri wkh kljk0txdolw| up/ wkuhh fruqhu vroxwlrqv dqg wzr
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f li R2  h R￿c
￿
2dR2  E@  {^o li h R￿  R2  h R2c
R2  %{^ li h R2  R2  h R￿c
￿
2dR2  E2@  2  %{^o li h R￿  R2  h Rec
R2  E@ n {^ li R2 : h Rec
zlwk h R￿ G' E@  {^ch R2 G' E2%  @ n {^c h R￿ G' E2@  2  %{^ dqg
h Re G' Een%{^ Wklv uhdfwlrq ixqfwlrqv lv frqwlqxrxv/ slhfhzlvh olqhdu dqg
prqrwrqlfdoo| lqfuhdvlqj lq R21










?iE@ n  
{R
{^cfj li {R:% {^c
E% 
{R
{^nE @ n  
{R
{^ li E@  {^  {R  %{^c
E%  @ n n2  li {R	E@  {^
Wklv ixqfwlrq lv frqyh{ dqg wkh fruuhvsrqglqj surw ixqfwlrq fdq kdyh wzr
shdnv1 Qhyhuwkhohvv/ dv orqj dv @  c wkh pdujlqdo surwv duh qhjdwlyh iru
doo R2  R￿ nE @  E^2  ^￿ Wkxv/ wkh ehvw uhvsrqvh ixqfwlrq lv vlpso|
-
(
U2ER￿c%'R￿ nE @  E^2  ^￿
Vroylqj iru wkh Qdvk htxloleulxp/ zh jhw
Ohppd 6 Frqvlghu d vlpxowdqhrxv sulfh vhwwlqj gxrsro| zlwk d kljk txdolw|
up ^2/ d orz txdolw| up ^￿ dqg wkh frqvxphu srsxodwlrq s
@}}
U Ewc% jlyhq
deryh1 Iru @  / wkh xqltxh Qdvk htxloleulxp lq sulfhv lv jlyhq e| RW
￿ 'f
dqg RW
2 'E @  E^2  ^￿ Wkh kljk0txdolw| up vhuyhv doo frqvxphuv lq wkh
pdunhw1
Wklv htxloleulxp zlwk rqh dfwlyh up lv pdlqo| gxh wr wkh dvvxpswlrq wkdw
wkh frqvxphuv duh qrw wrr khwhurjhqhrxv zlwk uhvshfw wr wkh wdvwh sdudphwhu1
Dgglwlrqdoo|/ li wkh pdvv ri orz0ydoxdwlrq frqvxphuv lv odujh/ wkh up zlwk
wkh kljk txdolw| jrrg kdv dq hyhq vwurqjhu lqfhqwlyh wr vhuyh doo frqvxphuv
e| gulylqj wkh orz0txdolw| vxssolhu rxw ri wkh pdunhw1
43Li upv duh frqiurqwhg zlwk d s
@}}
UU Ewc+ srsxodwlrq/ wkh uhvshfwlyh ghpdqg












{^  @ n  li E@ n {^  {R  +{^c
?iE
{R
{^  @ n cfj li {R	+ {^
Wklv frqyh{ ghpdqg vfkhgxoh ohdgv wr d surw ixqfwlrq wkdw kdv wzr shdnv
iru vrph ydoxhv ri R21 Dqg wklv lv uh hfwhg lq d glvfrqwlqxlw| lq wkh ehvw







f li R2 	 h R￿
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e {^ li h RD  R2  h RSc
R2  E@ n {^ li R2 : h RSc
zlwk h RD G' E+ n
+3@ I
2 {^ dqg h RS G' ￿
2E@ nD   +{^ Wklv ehvw uhvsrqvh kdv
d glvfrqwlqxlw| dw R2 ' h RS/ zkhuh wkh orz0txdolw| up lv lqglhuhqw ehwzhhq
vhuylqj vrph ri wkh eljjhu pdvv ri kljk0ydoxdwlrq frqvxphuv dw d orz sulfh
dqg vhuylqj rqo| orz0ydoxdwlrq frqvxphuv iurp frkruw 5 dw d udwkhu kljk
sulfh1








?i2E@ n  
{R
{^cfj li {R:+ {^c
E@ n   +nE @ n  
{R
{^ li +{^  {R  E@  {^c
E@ n   +n2  li {R	E@  {^
Htxlydohqwo| wr d prqrsrolvw/ wkh kljk0txdolw| up kdv ohvv ri dq lqfhqwlyh
wr vhuyh doo frqvxphuv zkhq wkh exon ri zdlwlqj frkruw 4 fxvwrphuv lv rq wkh
xsshu hqg ri wkh wdvwh vfdoh1 Qhyhuwkhohvv/ lw lv vkrzq lq wkh dsshqgl{ wkdw
Ohppd 7 Frqvlghu d vlpxowdqhrxv sulfh vhwwlqj gxrsro| zlwk wkh frqvxphu
srsxodwlrq s
@}}
UU Ewc+ jlyhq deryh1 Iru @  D/ wkh xqltxh Qdvk htxloleulxp
lq sulfhv lv jlyhq e| RW
￿ 'fdqg RW
2 'E @  E^2  ^￿ Wkh kljk0txdolw| up
vhuyhv doo frqvxphuv lq wkh pdunhw1
Dv iru wkh prqrsrolvw/ wkh gxrsrolvw kdv dq lqfhqwlyh wr vhuyh hyhq wkh
frqvxphu zlwk wkh orzhvw ydoxdwlrq dv orqj dv dyhudjh ydoxdwlrq lv vx!flhqwo|
odujh uhodwlyh wr frqvxphu khwhurjhqhlw|1 Wkhuhiruh/ frqglwlrq +4, hqvxuhv xv
wkdw lq wkh vhfrqg shulrg rqo| rqh up zloo eh dfwlyh lq wkh pdunhw/ wkh pr0
qrsrolvw lq wkh qr lqqrydwlrq hyhqw ru wkh lqqrydwru rwkhuzlvh1 Ixuwkhupruh/
doo zdlwlqj frqvxphuv zloo eh vhuyhg lq htxloleulxp dw d sulfh wkdw htxdov wkh
ydoxdwlrq +glhuhqwldo ydoxdwlrq, ri wkh frqvxphu zlwk wkh orzhvw w
447I l u v w S h u l r g
Diwhu up 5 kdg wkh rssruwxqlw| wr suhdqqrxqfh wkh qhz surgxfw lq w@3/
wkh lqfxpehqw up dqg wkh frkruw 4 frqvxphuv xsgdwh wkhlu lqlwldo eholhi 4f
wr h 4 Zlwk wklv lqirupdwlrq frqvxphuv zhljkw wkh vhfrqg shulrg uhvxowv ri
Ohppd 4 wr 7 dqg ghflgh zkhwkhu wr ex| surgxfw ^￿ dqg ohdyh wkh pdunhw
ru wr zdlw iru wkh odvw shulrg1 Wkh qhw xwlolw| ri wkh uvw dowhuqdwlyh lv jlyhq
e| L￿￿Ew iurp Ht1 +5,1 Wkh h{shfwhg xwlolw| ri zdlwlqj .dLfEwo ghshqgv rq
wkh h{shfwhg vhfrqg shulrg sxufkdvh dqg dprxqwv wr
.dLfEwo ' h 4.dLf2Ewo n E h 4.dLf￿Ewo +7,
' h 4dBw^2  BR
(
2 onE  h 4dBw^￿  BR
￿
￿ o
' h 4Bdw^2  E@  E^2  ^￿o n E h 4Bdw^￿  E@  ^￿o
Qrwh wkdw erwk lq wkh lqqrydwlrq dqg wkh qr lqqrydwlrq hyhqw/ doo frq0
vxphuv h{shfw d srvlwlyh qhw xwlolw| lq wkh vhfrqg shulrg1 Ixuwkhu/ dowkrxjk
wkh gxrsro| sulfh ri wkh kljk txdolw| jrrg lqfuhdvhv zlwk wkh txdolw| glhu0
hqfh E^2  ^￿c hyhu| frqvxphu ehqhwv iurp d odujhu lqqrydwlrq vwhs1Iljxuh
Iljxuh 5= +Lqgluhfw, xwlolw| ixqfwlrqv iru {  ￿
h 4B +ohiw, dqg iru { : ￿
h 4B +uljkw,
5 ghslfwv wkh lqgluhfw xwlolw| ri wkh wzr dowhuqdwlyhv dv d ixqfwlrq ri wkh frq0
vxphuv* wdvwh sdudphwhu w1 Wzr sdudphwhu uhjlphv kdyh wr eh glvwlqjxlvkhg1
Li {  ￿
h 4Bc wkh vorsh ri L￿￿Ew lv odujhu wkdq wkh vorsh ri .dLfEwo/ lpso|lqj
wkdw kljk0ydoxdwlrq frqvxphuv duh pruh lqfolqhg wr ex| lq wkh uvw shulrg
wkdq orz0ydoxdwlrq frqvxphuv1 Li { : ￿
h 4Bc wkh h{shfwhg txdolw| ri wkh vhfrqg
shulrg sxufkdvh lv vx!flhqwo| kljk wr pdnh wkh kljk0ydoxdwlrq frqvxphuv
pruh sdwlhqw wkdq wkh orz0ydoxdwlrq frqvxphuv1
45Lq erwk fdvhv/ rqh jhwv wkh srvlwlrq ri wkh frqvxphu zkr lv mxvw lqglhuhqw
ehwzhhq ex|lqj ^￿ lq shulrg 4 dqg zdlwlqj iru wkh vhfrqg shulrg/ e| vhwwlqj
htxdo +5, dqg +7,1 Wklv |lhogv
h wER'
R  E@  h 4BE^2  ^￿  E h 4E@  B^￿
^￿ h 4BE^2  ^￿
 +8,
Wklv wkuhvkrog ydoxh ghwhuplqhv wkh frpsrvlwlrq ri wkh ghpdqg iru wkh lq0
fxpehqw*v surgxfw1 Li {  ￿
h 4B/ doo frqvxphuv lq dh wERc@no zloo ex| ^￿ lq wkh
uvw shulrg dqg ohdyh wkh pdunhw1 Wkh uhpdlqlqj uvw frkruw frqvxphuv zdlw
iru wkh vhfrqg shulrg/ jhqhudwlqj d frqvxphu srsxodwlrq s
@}}
U Ewc% ' h wER1
Wkxv/ wkh lqfxpehqw*v ghpdqg iurp frkruw 4 frqvxphuv lv vsolw lqwr d fhuwdlq
uvw shulrg ghpdqg dqg dq h{shfwhg vhfrqg shulrg ghpdqg wkdw ghshqgv rq
wkh odxqfk ri wkh qhz whfkqrorj|1 Khqfh/ wkh lqfxpehqw*v surw ixqfwlrq iru
wklv sdudphwhu uhjlph +uhihuuhg wr dv uhjlph L, wdnhv wkh iroorzlqj irup

U
￿ERch 4'Rd@ n  h wERo n BE h 4E@  ^￿dEh wER  E@   n 2oc
zklfk kh pd{lplvhv iru jlyhq +xsgdwhg, h{shfwdwlrqv h 4 z l w ku h v s h f ww rw k h
uvw shulrg sulfh R Qrwh wkdw wkh lqfxpehqw vhuyhv wkh zkroh pdunhw lq wkh
uvw shulrg li dqg rqo| li E n BE@  ^￿  R  .dLfE@  o ru
R  E n B h 4BE@  ^￿ +9,
Iru { : ￿
h 4Bc wkh glvfrxqwhg/ h{shfwhg ydoxh ri wkh qhz surgxfw lv kljkhu
wkdq wkh *ex| dqg nhhs* ydoxh ri wkh lqfxpehqw*v surgxfw1 Iru wklv uhdvrq/
frqvxphuv zlwk d kljkhu pdujlqdo xwlolw| ri txdolw| duh pruh zloolqj wr zdlw
iru wkh vhfrqg shulrg1 Wklv dovr phdqv wkdw iru d jlyhq uvw shulrg sulfh
R/ doo frqvxphuv lq d@  ch wERo zloo ex| ^￿ dqg ohdyh wkh pdunhw/ zkloh
wkh xsshu sduw ri wkh frkruw zloo zdlw iru wkh vhfrqg shulrg dqg jhqhudwh d
8
@}}




￿ ERch 4'Rdh wER  E@  o n BE h 4E@  ^￿dE@ n  h wER n 2oc +:,
dqg vhuyhv doo frkruw 4 frqvxphuv lq wkh uvw shulrg li dqg rqo| li EnBE@n
^￿  R  .dLfE@ n o ru
R  E@ n  nE @  BE h 4^￿ h 4B2E^2  ^￿ +;,
Sursrvlwlrq 4 vxppdulvhv wkh vroxwlrq wr wkh pd{lplvdwlrq sureohp ri






46Sursrvlwlrq 4 Iru jlyhq h{shfwdwlrqv h 4c wkh lqfxpehqw*v rswlpdo sulfh lq






E n B h 4BE@  ^￿ li f  {  ￿
h 4Bc
E n B h 4BE@  ^￿  2Eh 4BE^2  ^￿  ^￿ li ￿
h 4B  {  e {c
E n B h 4BE@  ^￿ 
E@3￿￿^￿
2 li { : e {
Iru lqqrydwlrq vwhsv {  ￿
h 4Bc wkh lqfxpehqw*v surgxfw kdv d kljkhu h{0
shfwhg txdolw| wkdq wkh qhz whfkqrorj| zklfk pdnhv lw rswlpdo iru up 4 wr
suhhpsw wkh pdunhw zlwk wkh sulfh wkdw pdnhv wkh frqvxphu zlwk wkh orzhvw
ydoxdwlrq lqglhuhqw ehwzhhq ex|lqj dqg zdlwlqj1 Iru lqwhuphgldwh ydoxhv ri
{ +odwhu uhihuuhg wr dv sdudphwhu uhjlph LL14,c wkh h{shfwhg ydoxh ri wkh qhz
whfkqrorj| lv kljkhu wkdq wkh txdolw| ri wkh h{lvwlqj rqh exw wkh| duh vwloo
forvh vxevwlwxwhv zklfk lpsolhv wkdw wkh lqfxpehqw kdv uhodwlyho| orz frvwv
+lq whupv ri d uhodwlyho| kljk uvw shulrg sulfh R, wr dwwudfw wkh zkroh pdu0
nhw1 Krzhyhu/ li { h{fhhgv wkh wkuhvkrog ydoxh e { +uhjlrq LL15,c lw lv qr orqjhu
rswlpdo wr vhuyh wkh kljkhvw ydoxdwlrq frqvxphuv zlwk d orzhu sulfh dqg wkh
lqfxpehqw rqo| vhoov wr orz0ydoxdwlrq frqvxphuv/ zkloh doo frqvxphuv w lq
^h wERWc@n` zdlw iru wkh vhfrqg shulrg1 Wkh rswlpdo sulfh RW ghfuhdvhv zlwk
d kljkhu txdolw| ^2 dqg kljkhu h{shfwdwlrqv h 4 vlqfh wkhvh yduldeohv pdnh wkh
frqvxphuv pruh sdwlhqw dqg uhtxluh vwurqjhu sulfh fxwv iurp wkh lqfxpehqw
lq rughu wr uhwdlq ghpdqg1
Wr frqfoxgh wklv vhfwlrq/ zh zloo orrn dw wkh lpsdfw ri wkh lqfxpehqw*v
sulflqj vwudwhj| rq wkh uhvlgxdo ghpdqg -( iurp frkruw 4 lq shulrg 51 Soxj0
jlqj wkh rswlpdo sulfh iurp Sursrvlwlrq 4 lqwr +8,/ rqh rewdlqv




f li f  {  e {c
2 
E@3￿￿^￿
2dh 4BE^23^￿￿3^￿o li { : e {
Lq idfw/ lq wkh suhvhqw prgho/ up 5 lv vroho| lqwhuhvwhg lq wkh pdvv ri
frkruw 4 frqvxphuv wkdw lv zdlwlqj vlqfh wkh sulfh lq wkh vhfrqg shulrg lv
lqghshqghqw ri wkh frpsrvlwlrq ri wkh frqvxphu srsxodwlrq1 Fruroodu| 4
vkrzv wkdw wkh lqfxpehqw suhihuv wr suhhpsw wkh pdunhw dv orqj dv wkh
xsfrplqj lqqrydwlrq vwhs lv qrw wrr odujh1 Iru vx!flhqwo| kljk {c wkh pdvv
ri zdlwlqj frkruw 4 frqvxphuv lqfuhdvhv zlwk d kljkhu ^2c h 4/  dqg B Lw
ghfuhdvhv zlwk d kljkhu @
478 Wkh Suhdqqrxqfhphqw Ghflvlrq
Zkhq frqvlghulqj wkh suhdqqrxqfhphqw ghflvlrq/ wkh lqqrydwlqj hqwudqw ud0
wlrqdoo| dqwlflsdwhv wkh ehkdylrxu ri wkh lqfxpehqw lq wkh suh0hqwu| shulrg
dqg nqrzv wkdw klv vljqdo lv xvhg e| wkh pdunhw sduwlflsdqwv wr xsgdwh wkhlu
sulruv1 Lq wklv vhfwlrq/ zh zloo orrn iru Shuihfw Ed|hvldq htxloleuld ri wklv
jdph/ lq zklfk up 5 fkrrvhv d frkruw 4 ghpdqg pd{lplvlqj dqqrxqfhphqw
vwudwhj| iru eholhiv wkdw duh xsgdwhg dffruglqj wr Ed|hv* uxoh1 Ohw xv ghqrwh
q dv wkh suredelolw| wkdw up 5 suhdqqrxqfhv dq lqqrydwlrq1 Wzr w|shv ri
htxloleuld fdq eh glvwlqjxlvkhg= qr dqqrxqfhphqw +*srrolqj*, htxloleuld dqg
dqqrxqfhphqw htxloleuld1
Lq dq dqqrxqfhphqw htxloleulxp +q
W@,</ frqvxphuv dqg wkh lqfxpehqw
nqrz wkdw lw lv surwdeoh iru dq hqwudqw wr suhdqqrxqfh lwv qhz surgxfw/ l1h1
wkh| fdq lqihu iurp wkh devhqfh ri dq dqqrxqfhphqw wkdw wkhuh kdv ehhq qr
lqqrydwlrq/ l1h1
h 4 ' .dlqqrydwlrq m qr dqqrxqfhphqwo'f  +<,
Wklv Ed|hvldq xsgdwlqj lv dqwlflsdwhg e| wkh hqwudqw zkr kdv dq lqfhqwlyh
wr suhdqqrxqfh zkhqhyhu wkh iroorzlqj frqglwlrq krogv
-(
WE4 ' c :- (
WE4 'f c +43,
Lq d srrolqj htxloleulxp +q
W 'f ,/ wkh hqwudqw suhihuv qrw wr dqqrxqfh
wkh lqqrydwlrq1 Wkxv/ frqvxphuv dqg up 4 fdq lqwhusuhw wkh devhqfh ri
dq dqqrxqfhphqw hlwkhu zlwk wkh srvvlelolw| wkdw wkhuh lv qr lqqrydwlrq ru
zlwk wkh hyhqw wkdw wkh lqqrydwlrq lv qrw suhdqqrxqfhg1 Wkhlu sulruv uhpdlq
xqfkdqjhg/
h 4 ' .dlqqrydwlrq m qr dqqrxqfhphqwo'4f +44,




2E4 ' 4fc  (
W
2E4 ' c +45,
Sursrvlwlrq 5 jlyhv wkh glhuhqw htxloleuld uhjlphv1
Sursrvlwlrq 5 Ghshqglqj rq wkh vl}h ri wkh lqqrydwlrq vwhs {/ zh jhw wkh
iroorzlqj wzr w|shv ri Shuihfw Ed|hvldq htxloleuld=
<Vlqfh zh gr qrw frqvlghu wkh fdvh ri xqwuxwkixo suhdqqrxqfhphqwv/ dq| suhdqqrxqfh0
phqw fkdqjhv wkh sulruv wr h ￿ @ 41
4841 f  {  {￿ G' @n￿￿
eB￿ = Wkh lqqrydwlqj up grhv qrw suhdqqrxqfh
+q
W@f, dqg pdunhw sduwlflsdqwv krog wkh eholhi jlyhq lq +44,
51 { : {￿= Lw lv dozd|v surwdeoh iru wkh lqqrydwlqj up wr suhdqqrxqfh
+q
W@,> eholhi xsgdwlqj iroorzv +<,
Iljxuh 7 lq wkh qh{w vhfwlrq vkrzv wkh judsk ri wkh suhdqqrxqfhphqw
suredelolw| q
W dv d ixqfwlrq ri wkh qhz surgxfw*v txdolw|1 Wkh pdlq frpsdu0
dwlyh vwdwlfv ri wkhvh htxloleuld duh vxppdulvhg lq wkh qh{w fruroodu|1











Wkh udwlrqdoh ehklqg Fruroodu| 5 lv udwkhu vlpsoh1 Suhdqqrxqfhphqwv zloo
wdnh sodfh iru sdudphwhu frqvwhoodwlrqv dw zklfk suhhpswlrq lv prvw h{shq0
vlyh iru wkh lqfxpehqw1 Fhwhulv sdulexv/ wklv lv wuxh zkhqhyhu wkh xsfrplqj
lqqrydwlrq vwhs lv vx!flhqwo| odujh ru li wkh glvfrxqw udwh lv kljk/ zklfk lv
htxlydohqw wr vd|lqj wkdw wlph ehwzhhq odxqfk dqg suhdqqrxqfhphqw lv vkruw
iru d jlyhq glvfrxqw udwh1 Ixuwkhupruh/ wkhuh duh pruh suhdqqrxqfhphqwv
lq lqgxvwulhv zlwk d pruh khwhurjhqrxv srsxodwlrq ri frqvxphuv1 Wklv krogv
ehfdxvh lqiudpdujlqdo uhqwv iru frqvxphuv duh kljkhu zkhq wdvwhv duh pruh
glvshuvhg dqg wklv lqfuhdvhv wkh ydoxh ri zdlwlqj iru kljkhu txdolw|1 Lq wkh
olplwlqj fdvh/ zkhuh  $ fc wkh lqfhqwlyh wr suhdqqrxqfh glvdsshduv frp0
sohwho| ehfdxvh frqvxphuv iruhvhh wkdw wkh lqqrydwlqj up fdq dssursuldwh
doo wkh lqqrydwlrq uhqwv dqg wklv pdnhv lw hdv| iru wkh lqfxpehqw wr suhhpsw
wkh pdunhw lq wkh suh0hqwu| shulrg1
E| frqwudvw/ wkh dyhudjh frqvxphu ydoxdwlrq kdv d qhjdwlyh lpsdfw rq
wkh rffxuuhqfh ri dq dqqrxqfhphqw ehfdxvh lw udlvhv glvsursruwlrqdwho| wkh
ydoxh ri wrgd|*v sxufkdvh rswlrq frpsduhg wr dq| h{shfwhg ydoxh ri ixwxuh
surgxfw jhqhudwlrqv1 Lqwhuhvwlqjo|/ wkh lqlwldo lqqrydwlrq suredelolw| 4f kdv
qr lpsdfw rq wkh suhdqqrxqfhphqw ehkdylrxu ri dq hqwudqw1 Rq wkh rqh
kdqg/ d kljkhu lqqrydwlrq suredelolw| lqfuhdvhv wkh lqfhqwlyhv iru frqvxphuv
wr zdlw/ exw rq wkh rwkhu/ lw pdnhv wkh lqfxpehqw pruh djjuhvvlyh lq wkh
suh0hqwu| shulrg1 Wdnhq wrjhwkhu/ wkhvh hhfwv fdqfho rxw1
9 Zhoiduh Lpsolfdwlrqv
Reylrxvo|/ wkhuh duh wzr srwhqwldo zhoiduh glvwruwlrqv lq wklv prgho1 Iluvw/
zh kdyh lpshuihfw frpshwlwlrq lq erwk shulrgv dqg vhfrqg/ wkhuh lv dq dv|p0
49phwulf lqirupdwlrq frqvwhoodwlrq ehwzhhq wkh srwhqwldoo| lqqrydwlqj up dqg
wkh rwkhu pdunhw sduwlflsdqwv1 Wklv vhfwlrq zloo vkrz wkdw lq vrph vhqvh d
zhoiduh pd{lplvlqj vrfldo sodqqhu kdv wr wudgh r wkhvh wzr lpshuihfwlrqv1
Lq rughu wr dqdo|vh wkh zhoiduh hhfwv ri wkh suhdqqrxqfhphqw ehkdylrxu
lq wklv vhfrqg0ehvw zruog/ zh zloo wdnh wkh pdunhw vwuxfwxuh dv jlyhq dqg
frqfhqwudwh rq wkh h!flhqf| ri wkh lqirupdwlrq wudqvplvvlrq lq wkh hfrqrp|1
Rxu zhoiduh phdvxuh zloo eh wkh h{ dqwh h{shfwhg wrwdo frqvxphu vxusoxv ri
frkruw 4 zklfk lv wkh vxp ri wkh h{shfwhg qhw xwlolw| ri wkh frqvxphuv zkr
ex| surgxfw ^￿ lq shulrg 4 dqg wkh h{shfwhg qhw xwlolw| ri frkruw 4 frqvxphuv
zkr ex| d surgxfw ri txdolw| ^￿c' c2/ lq shulrg 51 Iru wkh frpsxwdwlrqv
ri wkhvh phdvxuhv/ zh kdyh wr uhwxuq wr wkh sdudphwhu uhjlphv ri Sursrvlwlrq
4/ vlqfh hdfk ri wkhp fruuhvsrqgv wr d glhuhqw doorfdwlrq ri frqvxphuv wr
surgxfwv dqg shulrgv dqg wr d glhuhqw uvw shulrg sulfh ri wkh lqfxpehqw1
Ghqrwh .d7&
oEh 4o wkh lqwhulp frqvxphu vxusoxv zlwk & ' U??J EJU? lq
fdvh ri dq +qr, lqqrydwlrq dqg o ' UcUU ru UU2 vwdqglqj iru wkh uhvshfwlyh
sdudphwhu uhjlph1
Li f  {  ￿
h 4Bcdoo frqvxphuv lq d@c@no ex| wkh lqfxpehqw*v surgxfw
lq wkh uvw shulrg1 Wkhuhiruh/ iru jlyhq +xsgdwhg, h{shfwdwlrqv h 4/w k hlqwhulp
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h 4B 	 {  e {/ doo frqvxphuv ri frkruw 4 ex| surgxfw ^￿ dqg sd|
RW 'E nB h 4BE@  ^￿  2Eh 4BE^2  ^￿  ^￿c wklv |lhogv
.d7
U??J
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EE n Bw^￿  R
W_w
Ilqdoo|/ lq wkh vhfrqg sduw ri sdudphwhu uhjlrq UU wkh lqfxpehqw*v rswlpdo
uvw shulrg sulfh lv E n B  h 4BE@  ^￿ 
E@3￿￿^￿
2 dqg frqvxphuv zlwk d
ydoxdwlrq lq dh wERWc@n o ghflgh wr zdlw iru wkh vhfrqg shulrg1 Wkxv/ wkh
odxqfk ri d qhz surgxfw jhqhudwhv d frqvxphu vxusoxv ri
.d7
U??J












Li wkh lqqrydwlrq lv qrw lqwurgxfhg/ zh kdyh
.d7
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4:Ehiruh surfhhglqj wr wkh h{ dqwh phdvxuhv/ vrph frpphqwv rq wkh lqwhulp
vxusoxv ixqfwlrqv duh lq rughu1 Iluvw/ lw lv vwudljkwiruzdug wr vkrz wkdw li
wkhuh lv d qhz surgxfw/ pruh fhuwdlqw| derxw lw lv dozd|v ehqhfldo wr wkh
frqvxphuv/ l1h1 .d7U??JE4￿￿o :. d7U??JE4￿o iru 4￿￿ :4 ￿ Kljkhu lqqrydwlrq
h{shfwdwlrqv hqwdlo d kljkhu wkuhdw ri hqwu| dqg wkxv d orzhu uvw shulrg sulfh
ri wkh lqfxpehqw/ dq hhfw wkdw lq wkh iroorzlqj zloo eh uhihuuhg wr dv wkh
frqwhvwdelolw| hhfw1 Pruhryhu/ lq wkh lqqrydwlrq hyhqw d kljkhu h 4 phdqv
wkdw wkh sxufkdvh ghflvlrq lv edvhg rq ehwwhu lqirupdwlrq +vlqfh wkh wuxh
suredelolw| ri wkh odxqfk ri d qhz surgxfw lv 4, dqg wkhuh lv ohvv vfrsh iru d
plvpdwfk ehwzhhq frqvxphuv dqg surgxfwv1
Qhyhuwkhohvv/ lq wkh qr lqqrydwlrq hyhqw/ ehwwhu lqirupdwlrq +d orzhu h 4 lv
qrw dozd|v ehqhfldo1 Iljxuh 6 ehorz ghslfwv wkh lqwhulp frqvxphu vxusoxv
lq wkh lqqrydwlrq dqg lq wkh qr lqqrydwlrq hyhqw1 Kljk h{shfwdwlrqv lq wkh
qr lqqrydwlrq hyhqw ohdg wr d plvpdwfk ri frqvxphuv wr shulrgv dqg d orvv ri
frqvxphu uhqw gxh wr zdlwlqj1 Exw rqfh wklv plvpdwfk lv holplqdwhg +zklfk lv
wkh fdvh lq wkh uhjlphv U dqg UU vlqfh wkh lqfxpehqw suhhpswv wkh pdunhw,/
wkh qhjdwlyh hhfw ri wkh ghfuhdvlqj wkuhdw ri hqwu| +lpso|lqj d kljkhu uvw
shulrg sulfh, lv grplqdwlqj dqg wkh frqvxphu vxusoxv ghfuhdvhv iru orzhu h 4
Iljxuh 6= H{shfwhg +lqwhulp, frqvxphu vxusoxv
Zlwk wklv lq plqg/ ohw xv qrz wxuq wr wkh fdofxodwlrq ri wkh rswlpdo suhdq0
qrxqfhphqw suredelolw| q
JR|1 Dvvxph q
JR| fdq eh lpsohphqwhg h{rjhqrxvo|
e| d vrfldo sodqqhu wkdw lv pd{lplvlqj wkh h{ dqwh h{shfwhg frqvxphu vxu0
4;soxv1 Wr frpsxwh wklv phdvxuh/ rqh kdv wr wdnh lqwr dffrxqw wkuhh glhuhqw
hyhqwv dqg wkh uhvshfwlyh eholhiv khog e| wkh lqfxpehqw dqg wkh frqvxphuv1
Iluvw/ zlwk suredelolw| 4fqc wkhuh zloo eh dq lqqrydwlrq wkdw lv suhdqqrxqfhg
lq shulrg 31 Vhfrqgo|/ zlwk suredelolw| 4fEq/ d qhz surgxfw lv lqwurgxfhg
exw qrw suhdqqrxqfhg dqg qdoo|/ zlwk wkh uhpdlqlqj suredelolw| E  4f
wkhuh zloo eh qr lqqrydwlrq1 Wkh devhqfh ri d suhdqqrxqfhphqw jlyhq dq| q
























Wkh dqqrxqfhphqw suredelolw| q hqwhuv wklv vxusoxv ixqfwlrq lq wzr zd|v1
Lq fdvh ri dq lqqrydwlrq/ lw lq xhqfhv wkh uhodwlyh zhljkw ri suhdqqrxqfhphqw
yhuvxv srrolqj htxloleuld1 Lq wklv uhvshfw/ wkh hhfw ri lqfuhdvlqj q lv 0 fhwhulv
sdulexv 0 dozd|v srvlwlyh1 Exw lw dovr dsshduv dv d phdvxuh ri wkh frqwhvwd0
elolw| ri wkh pdunhw li qr suhdqqrxqfhphqw rffxuv/ vlqfh lw ghwhuplqhv wkh
eholhi xsgdwlqj1 D kljkhu q lpsolhv wkdw frqvxphuv dqg wkh lqfxpehqw dv0
fuleh wkh devhqfh ri dq dqqrxqfhphqw pruh wr wkh srvvlelolw| wkdw wkhuh lv
qr lqqrydwlrq vlqfh h 4Eq ghfuhdvhv lq q Dqg 0 dv glvfxvvhg deryh 0 orzhu
lqqrydwlrq h{shfwdwlrqv pljkw kdyh d qhjdwlyh lpsdfw rq .d7￿JU?o
Zh ghprqvwudwh lq wkh dsshqgl{ wkdw wkhvh wzr rssrvhg hhfwv jhqhudwh
d vxusoxv ixqfwlrq wkdw kdv wzr orfdo pd{lpd ryhu d odujh udqjh ri sdudph0
whuv1 Rqh dw q 'zklfk wdnhv dgydqwdjh ri wkh ehqhwv ri dq dqqrxqfhg
lqqrydwlrq dqg rqh dw d orzhu ohyho ri q zklfk uholhv rq nhhslqj xs wkh wkuhdw
ri hqwu| dqg wkxv uhgxflqj wkh pdunhw srzhu ri wkh lqfxpehqw lq wkh fdvh
ri qr lqqrydwlrq1 Wkh uhvxow ri wkh vrfldo sodqqhu vroylqj wkh surjudpph


















Sursrvlwlrq 6 Li {  {fc frqvxphuv duh lqglhuhqw ehwzhhq doo q lq ^3/4`1
Rwkhuzlvh/ wkh suhdqqrxqfhphqw suredelolw| wkdw pd{lplvhv wkh h{shfwhg frq0
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 
E￿34f￿E@n￿￿￿^￿
4fdeB￿E^23^￿￿3E@n￿￿￿^￿o li { : {2
Iljxuh 7 ehorz vnhwfkhv wkh judsk ri wkh h!flhqw suhdqqrxqfhphqw sure0
delolw| q
JR| dv d ixqfwlrq ri wkh lqqrydwlrq vwhs vl}h { Iru {  {fc wkh
ryhudoo ydoxh ri wkh qhz whfkqrorj| lv wrr vpdoo wr pdnh d glhuhqfh1 Frq0
vxphuv zloo fkrrvh wkh rog surgxfw lqghshqghqwo| ri wkhlu eholhiv derxw dq
lqqrydwlrq1 E| frqwudvw/ iru odujhu lqqrydwlrq vwhsv/ wkh uhvxow ri Sursrvlwlrq
6 uh hfwv wkh wudgh0r ehwzhhq lqirupdwlrq wudqvplvvlrq ohdglqj wr d ehwwhu
pdwfk ehwzhhq frqvxphuv dqg surgxfwv dqg wkh frqwhvwdelolw| ri wkh pdunhw
lpso|lqj orz uvw shulrg sulfhv lq wkh qr lqqrydwlrq hyhqw1 Iru udwkhu orz
ydoxhv ri {c wkh wkuhdw ri hqwu| lv qrw vx!flhqw wr irufh wkh lqfxpehqw wr vhw
d orz uvw shulrg sulfh1 Rq wkh rwkhu kdqg/ d kljk { lqfuhdvhv wkh ydoxh ri
d jrrg pdwfk ehwzhhq surgxfwv dqg frqvxphuv1 Iru lqwhuphgldwh ydoxhv lw
lv rswlpdo wr fkrrvh d orz dqqrxqfhphqw suredelolw| q lq rughu wr pdnh wkh
frqvxphuv ehqhw iurp d frqwhvwdeoh pdunhw1
Qrz/ zh duh lq wkh srvlwlrq wr frpsduh wkh h!flhqw suhdqqrxqfhphqw
zlwk wkh pdunhw rxwfrph ghvfulehg lq Sursrvlwlrq 51 Vlqfh lw wxuqv rxw wkdw
{f  {￿  {￿ rqh rewdlqv
Fruroodu| 6 Wkh pdunhw rxwfrph/ dv ghvfulehg e| Sursrvlwlrq 5/ fdq |lhog
h!flhqw suhdqqrxqfhphqw/ h{fhvvlyh dqqrxqfhphqw dqg h{fhvvlyh srrolqj1
Wklv ryhusurylvlrq uhvxow lv gxh wr wkh idfw wkdw iurp dq h{ dqwh srlqw ri
ylhz/ wkh lqqrydwlyh up rqo| frqvlghuv wkh lpsdfw ri wkh suhdqqrxqfhphqw
rq wkh pdunhw rxwfrph li wkh qhz surgxfw fdq dfwxdoo| eh odxqfkhg1 Vkh
grhv qrw wdnh lqwr dffrxqw wkh hhfw ri khu suhdqqrxqfhphqw ehkdylrxu li
wkhuh lv qr lqqrydwlrq/ l1h1 wkh srwhqwldo hqwudqw lv qrw frqfhuqhg derxw wkh
frqwhvwdelolw| ri wkh pdunhw1 Lq d vlwxdwlrq/ lq zklfk d suhdqqrxqfhphqw lv
53Iljxuh 7= Htxloleulxp +q
W dqg h!flhqw +q
JR| dqqrxqfhphqw suredelolw|
rswlpdo/ lwv devhqfh jhqhudwhv wkh fhuwdlqw| wkdw wkhuh lv qr xsfrplqj lqqr0
ydwlrq dqg zlwkrxw wkh wkuhdw ri hqwu|/ wkh lqfxpehqw up uhjdlqv pdunhw
srzhu dqg fdq h{wudfw pruh frqvxphu vxusoxv1 Wkxv/ wkh lqqrydwlqj up
frqihuv d qhjdwlyh h{whuqdolw| wr wkh frqvxphuv dqg whqgv wr surgxfh wrr
pdq| suhdqqrxqfhphqwv1
Ilqdoo|/ ohw xv frpsduh wkh pdunhw rxwfrph zlwk wzr vfhqdulrv wkdw duh
vrphkrz pruh uhdolvwlf wkdq wkh udqgrplvlqj fkrlfh ri d vrfldo sodqqhu frq0
vlghuhg deryh1 Iluvw/ frqvlghu d ixoo lqirupdwlrq vfhqdulr +ILV,/ lq zklfk wkh
uhvxow ri wkh U)G surfhvv lv frpprq nqrzohgjh lq wkh hfrqrp|1 Rqh pljkw
wklqn/ iru h{dpsoh/ ri d odz wkdw irufhv lqqrydwlqj upv wr suhdqqrxqfh wkhlu
qhz surgxfw dw ohdvw d plqlpxp wlph ehiruh wkh dfwxdo odxqfk1 Ru shukdsv
ri dq rpqlvflhqw lqqrydwlrq djhqf| wkdw lv deoh wr jdwkhu dqg vsuhdg doo lq0
irupdwlrq derxw xsfrplqj surgxfw odxqfkhv1 Irupdoo|/ wklv phdqv wkdw wkh
lqfxpehqw dqg wkh frqvxphuv fdq xsgdwh wkhlu sulruv fruuhfwo| dqg zh jhw
.d7
8U7o'.d7Eo ' 4f.d7
U??JEo n E  4f.d7
￿JU?Efo +47,
Ixuwkhu/ frqvlghu wkh vfhqdulr/ lq zklfk d odz surklelwv suhdqqrxqfhphqwv ri




U??JE4fo n E  4f.d7
￿JU?E4fo +48,
Wkh qh{w fruroodu| frpsduhv wkh frqvxphuv* vxusoxv lq wkh ixoo lqirupdwlrq
54Iljxuh 8= H{fhvvlyh dqqrxqflqj dqg srrolqj lq wkh {  4f0vsdfh
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Fruroodu| 7 Li {￿ 	 { 	 {￿/w k h q.d7￿U7o :. d78U7o/h o v h.d7￿U7o 
.d78U7o1
Iljxuh 8 looxvwudwhv wklv uhvxow lq wkh {4fsdudphwhu vsdfh dqg uhodwhv
wkh h!flhqw frqvxphu srolf| wr wkh pdunhw rxwfrph ri Sursrvlwlrq 51 Frq0
vxphuv zrxog eh ehvw r li surgxfw dqqrxqfhphqwv zhuh edqqhg iru doo {
lq d{￿c{￿o/ wkdw phdqv li wkh xsfrplqj lqqrydwlrq vwhs lv lqwhuphgldwh exw
wkh lqqrydwlrq suredelolw| lv udwkhu kljk1 E| frqwudvw/ li { lv lq d{fc{￿o
wkh ehvw frqvxphu srolf| lv wr hqirufh suhdqqrxqfhphqwv lq rughu wr suhyhqw
h{fhvvlyh srrolqj ri wkh lqqrydwlqj up1 Hyhqwxdoo|/ lq wkh uhpdlqlqj sd0
udphwhu vsdfh/ wkh pdunhw rxwfrph frlqflghv zlwk wkh frqvxphuv* rswlpdo
fkrlfh ehwzhhq ILV dqg QLV1
55: Frqfoxglqj uhpdunv
Wklv sdshu dqdo|vhv wkh uroh ri lqqrydwlrq suhdqqrxqfhphqwv lq pdunhwv zlwk
lpshuihfw frpshwlwlrq dqg udwlrqdo/ iruzdug orrnlqj frqvxphuv1 Iru lqqryd0
wlyh upv/ suhdqqrxqfhphqwv duh d zd| wr lqgxfh srwhqwldo fxvwrphuv wr zdlw
iru wkh lqqrydwlrq lqvwhdg ri ex|lqj wkh suhvhqwo| dydlodeoh whfkqrorj|1 Exw
lq wkh suhvhqfh ri dq lqfxpehqw up zlwk pdunhw srzhu/ wklv dgydqwdjh kdv
wr eh wudghg r zlwk wkh srvvlelolw| ri d vwudwhjlf uhdfwlrq ri wkh odwwhu lq wkh
irup ri suhhpswlyh sulflqj lq wkh suh0hqwu| shulrg1 Rxu prgho lqfrusrudwhv
wkh lqwhuwhpsrudo surgxfw fkrlfh ri frqvxphuv xqghu xqfhuwdlqw| lqwr wkh
iudphzrun ri d yhuwlfdoo| glhuhqwldwhg lqgxvwu| dqg hqdeohv xv wr udwlrqdolvh
vrph ri wkh qglqjv ri dq hpslulfdo vwxg| rq surgxfw suhdqqrxqfhphqwv e|
Holdkvehuj2Urehuwvrq +4<;;,1 Lq dqdo|vlqj lqwhuylhz gdwd ri :8 upv/ wkh|
frqfoxghg wkdw suhdqqrxqfhphqwv duh pruh olnho| li wkh phdvxuh iru frp0
shwlwlyh hqylurqphqw lv orz/ li wkh xsfrplqj lqqrydwlrq vwhs lv odujh dqg li
frqvxphuv duh vx!flhqwo| iruzdug0orrnlqj1
Pruh vxusulvlqjo|/ wkh zhoiduh dqdo|vlv ri rxu prgho vkrzv wkdw/ iurp wkh
h{ dqwh srlqw ri ylhz ri wkh frqvxphuv/ wkh vljqdoolqj htxloleuld ri wkh pdunhw
fdq ohdg wr xqghu0 dqg ryhusurylvlrq ri suhdqqrxqfhphqwv1 Wklv uhvxow lv gxh
wr wkh idfw wkdw d srolf|pdnhu kdv wr wudgh r wudqvplvvlrq ri lqirupdwlrq lq
wkh hfrqrp| dqg wkh frqwhvwdelolw| ri wkh suh0lqqrydwlrq pdunhw1 Lq wklv yhlq/
d edq rq suhdqqrxqfhphqwv lv wkh ehvw frqvxphu srolf| lq frqvwhoodwlrqv lq
zklfk wkh lqgxvwu| lv h{shfwhg wr jurz idvw dqg wkh qh{w lqqrydwlrq vwhs lv
qhlwkhu wrr odujh qru wrr vpdoo1 Lqqrydwlrq suhdqqrxqfhphqwv kdyh wr eh
hqirufhg zkhq wkh qhz whfkqrorj| lv qrw pxfk ehwwhu wkdq wkh rog rqh1
Wr frqfoxgh/ ohw xv glvfxvv vrph olplwdwlrqv ri wklv zrun wkdw frxog vhuyh
dv srvvleoh vwduwlqj srlqw iru h{whqvlrqv ri wkh iudphzrun1 Iluvw/ zh frqqhg
rxu dqdo|vlv wr wkh fdvh lq zklfk wkh lqfxpehqw fdq qrw lqwurgxfh wkh qhz
whfkqrorj|1 Wklv h{whqvlrq zrxog hqulfk wkh srvvleoh vwudwhjlf lqwhudfwlrq ri
wkh prgho/ lq sduwlfxodu lw zrxog doorz iru wkh xvh ri surgxfw suhdqqrxqfh0
phqwv dv d phdqv wr ghwhu hqwu| lqwr wkh lqgxvwu|/ d vwudwhj| wkdw lv riwhq
phqwlrqhg lq uhodwlrq zlwk Plfurvriw*v surgxfw lqwurgxfwlrqv1
D vhfrqg lvvxh lv wkh h{foxvlrq ri xqwuxwkixo suhdqqrxqfhphqw zklfk hq0
deohg xv wr frqfhqwudwh rq wkh *vwudwhjlf uhdfwlrq* dujxphqw1 Lq wkh devhqfh
ri d frqwudfw ehwzhhq frqvxphu dqg suhdqqrxqflqj up/ wkh frvwv ri zdlw0
lqj iru dq| qhz whfkqrorj| zloo eh vxqn dv vrrq dv wkh up lv qrw deoh wr
lqwurgxfh wkh lqqrydwlrq dw wkh surplvhg gdwh1 Wkxv/ wkh lqqrydwlqj up
frxog eh whpswhg wr suhdqqrxqfh wkh surgxfw wrr hduo| zlwk wkh rssruwx0
qlw| wr srvwsrqh wkh odxqfk diwhuzdugv dqg dqwlflsdwlqj frqvxphuv zrxog qr
orqjhu eholhyh lq wkh dqqrxqfhphqw zlwkrxw dq| frpplwphqwv1 Qhyhuwkhohvv/
lw vhhpv wkdw dowkrxjk xqwuxwkixo suhdqqrxqfhphqwv zrxog vrphkrz gloxwh
56wkh frppxqlfdwlrq surfhvv ehwzhhq lqqrydwlyh up dqg wkh pdunhw/ wkh|
zrxog qrw fkdqjh wkh txdolwdwlyh qdwxuh ri wkh vwudwhjlf hhfwv glvfxvvhg lq
wklv zrun1
57;D s s h q g l {
Surri ri Ohppd 4
Wkh surw ixqfwlrq ri wkh prqrsrolvw lv slhfhzlvh frqfdyh dqg frqwlqxrxv1
Iru Ohppd 4 wr krog lw vx!fhv wr vkrz wkdw wkh pdujlqdo surw lv qhjdwlyh
iru doo R￿  E@  ^￿ Iru E@  ^￿  R￿  %^￿c wkh pdujlqdo surw lv
@ n  n % 
eR￿
^￿ / zklfk lv qhjdwlyh iru doo R￿ :
^￿
e E@ n  n % Wklv wkuhvkrog
lv vpdoohu wkdq E@  ^￿ iru doo % lq d@  c@ n o li dqg rqo| li @: Iru
%^￿  R￿  E@n^￿c wkh pdujlqdo surw lv @n
2R￿
^￿ / zklfk lv qhjdwlyh iru
doo R￿ :
^￿
2 E@n Wklv wkuhvkrog lv vpdoohu wkdq %^￿ iru doo % lq d@c@no
li dqg rqo| li @: Wkxv/ RW
￿ 'E @  ^￿
Surri ri Ohppd 5
Iru E@^￿  R￿  +^￿c wkh pdujlqdo surw lv 2E@n%
2R￿
^￿ /z k l f kl v
qhjdwlyh iru doo R￿ :
^￿
2 E2@n2% Wklv wkuhvkrog lv vpdoohu wkdq E@^￿
iru doo + lq d@  c@ n o li dqg rqo| li @:D Iru R￿ :+ ^ ￿c wkh pdujlqdo
surw lv 2E@n
eR￿
^￿ / zklfk lv qhjdwlyh iru doo R￿ :
^￿
2 E@n Wklv wkuhvkrog
lv vpdoohu wkdq +^￿ iru doo + lq d@  c@ n o li dqg rqo| li @: Wkxv/ li
@:D/ RW
￿ 'E @  ^￿
Surri ri Ohppd 6
Jlyhq wkh slhfhzlvh olqhdu dqg joredoo| frqfdyh ghpdqg vfkhgxoh/ wkh
surw ixqfwlrq ri up 4 lv dozd|v vlqjoh0shdnhg1 Wkh lqwhulru pd{lpxp iru







dR2  E2@  2  %{^o
Lw lv vwudljkwiruzdug wr fkhfn wkdw wklv ydoxh lv lq wkh uhjlph udqjh zkhqhyhu
h R￿  R2  h Reczlwk h R2c h R￿ ghqhg lq wkh wh{w1 Htxlydohqwo|/ wkh lqwhulru vroxwlrq
iru {R	% {^ lv jlyhq e| YdR￿2E
{R




dR2  E@  {^o
Wklv vroxwlrq krogv iru doo R2 lq dh R￿c h R2o Ilqdoo|/ wdnlqj lqwr dffrxqw wkh wkuhh
srvvleoh fruqhu vroxwlrqv/ rqh fdq frpsrvh wkh uhdfwlrq ixqfwlrq -(
U￿ER2c%
Ilup 5*v surw ixqfwlrq lv frqwlqxrxv1 Lq rughu wr vkrz wkdw -(
U2ER￿c%'
R￿ nE @  {^/l wv x ! f h vw rv k r zw k d ww k hp d u j l q d os u r  wl vq h j d w l y hi r u
R2  R￿ nE @  {^ Iru E@  {^  {R  %{^ wkh pdujlqdo uhyhqxh
lv qhjdwlyh li R￿ : ￿
2dD  @ n %o{^/ zklfk lv qhjdwlyh dqg krogv iru doo
qrq0qhjdwlyh R￿ dqg doo % zkhqhyhu @: Iru {R:% {^ wkh pdujlqdo
uhyhqxh lv qhjdwlyh li R￿ : ￿
2d@ n   2%o{^/ zklfk lv qhjdwlyh dqg krogv iru
doo qrq0qhjdwlyh R￿ dqg doo % zkhqhyhu @:
58Khqfh/ iru @:/l wl vh d v |w rv h hw k d wERW
￿ 'f cR W
2 ' @{^ lv wkh xqltxh
vroxwlrq wr wkh htxdwlrq v|vwhp
R￿ ' -
(
U￿ER2c% dqg R2 ' -
(
U2ER￿c%
dqg wkh xqltxh Qdvk htxloleulxp1
Surri ri Ohppd 7
Frqvlghu up 4*v pd{lplvdwlrq sureohp1 Wkh lqwhulru pd{lpxp iru E@n
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dR2  E@  {^o
Erwk ri wkhp duh lqwhulru/ l1h1 wkh surw ixqfwlrq kdv wzr shdnv iru R2 lq
d￿
2E%@{^cE2%@{^o1 Wkh orfdo pd{lpxp ydoxh ri wkh iruphu lv
odujhu wkdq wkh orfdo pd{lpxp ri wkh odwwhu zkhqhyhu R2 : h RS/z l w kh RS jlyhq
lq wkh wh{w1
Frqvlghu wkh pd{lplvdwlrq sureohp ri up 51 Iru +{^  {R  E@{^/
lwv pdujlqdo uhyhqxh lv qhjdwlyh zkhqhyhu R￿ : Ee+{^/ zklfk lv qhjdwlyh
dqg krogv iru doo qrq0qhjdwlyh R￿ dqg doo + zkhqhyhu @:D Iru {R:+ {^
wkh pdujlqdo uhyhqxh lv qhjdwlyh li R￿ : d  @o{^/ zklfk lv qhjdwlyh dqg
krogv iru doo qrq0qhjdwlyh R￿ dqg doo % zkhqhyhu @:
Khqfh/ iru @:D/ wkh uhdfwlrq ixqfwlrqv lq wkh wh{w krog dqg lw lv vwudljkw0
iruzdug wr fkhfn wkdw ERW
￿ 'f cR W
2 ' @{^ lv wkh xqltxh Qdvk htxloleulxp1
Surri ri Sursrvlwlrq 6
Wkh dqdo|vlv ri wkh frqvxphu vxusoxv .d7Eqo lv udwkhu whglrxv ehfdxvh
ghshqghqw rq eholhiv dqg rwkhu sdudphwhuv wkh hfrqrp| fdq idoo lq rqh ri wkh
wkuhh uhjlphv lghqwlhg lq Vhfwlrq 61 Zh zloo surfhhg lq wzr vwhsv1 Iluvw/ zh
zloo lghqwli| orfdo pd{lpd ryhu wkh zkroh sdudphwhu udqjh1 Dqg wkhq/ iru doo
uhjlrqv zkhuh wkhuh duh pruh wkdq rqh/ zh zloo slfn wkh joredo pd{lplvhu1
Jlyhq d suhdqqrxqfhphqw suredelolw| q/ wkh hfrqrp| lv lq uhjlrq UU2
zkhqhyhu f  q  q￿ G'
4fBE^23^￿￿3^￿
4fdB^23E￿nB￿^￿oc lw lv lq uhjlrq UU li q￿ 	q q2 G'
 
E￿34f￿E@n￿￿￿^￿
4fdeB￿E^23^￿￿3E@n￿￿￿^￿o dqg lq uhjlrq U iru q2 	q 1 Qrwh wkdw q￿ : f
li { : {2 dqg q2 : f li { : e { : {f +{f/ {2c e { duh ghqhg lq wkh wh{w,1
Vrph whglrxv fdofxodwlrqv jlyh wkh vorshv ri wkh h{ dqwh frqvxphu vxusoxv lq







f li f  {  {f
2d4fdB^2  E n B^￿o : f li {f  {  {￿
￿S￿2EB{^3^￿￿nE@3￿￿2
￿S￿EB{^3^￿￿ : f li { : {￿





f li e {  {  {￿
de￿B{^nE@3￿￿￿^￿odE@n￿￿￿^￿3e￿B{^o4f
￿S￿EB{^3^￿￿ 	 f li { : {￿







SEB{^  ^￿d^￿E n 4fB  E n B4fq  E  q4fB^2o2 : f
Dw ohdvw irxu frqfoxvlrqv fdq eh gudzq iurp wklv1 Iluvw/ iru f  {  {fc
wkh rqo| uhohydqw uhjlrq lv U dqg lq wklv uhjlrq wkh vorsh lv 3/ l1h1 frqvxphuv
duh lqglhuhqw1 Vhfrqg/ iru {f  {  {￿c wkhuh lv rqo| orfdo pd{lpxp dw
q 'vlqfh wkh vorsh lq uhjlrq UU lv 3 dqg srvlwlyh iru kljkhu q lq uhjlrq
U1W k l u g /i r u{￿  {  {2c wzr orfdo pd{lpd h{lvw/ rqh dw q 'fdqg rqh
dw q '  Ilqdoo|/ li uhjlrq UU2 h{lvwv iru { : {2c wkh wzr orfdo pd{lpd duh
q ' q2 dqg q 'ehfdxvh
Y.d￿7Eq￿o
Yq : f iru doo q lq dfcq2o
Dv vhfrqg vwhs zh qrz orrn iru wkh joredo pd{lplvhu1 Iru {￿  { 
{2c wkh fkrlfh lv ehwzhhq q 'fdqg q ' 1 Vrph fdofxodwlrqv |lhog wkdw
.d7Eo  .d7Efo li {  {￿ zlwk {￿ j l y h ql qw k hw h { w 1I r u{ : {2 zh
jhw wkdw .d7Eq2o  .d7Eo Wklv frpsohwhv Sursrvlwlrq 61
Surri ri Fruroodu| 6
Wkh rqo| fkdqjh wr wkh suhylrxv surri ri Sursrvlwlrq 6 lw wkdw iru { : {2
zh kdyh wr frpsduh wkh orfdo pd{lpd dw q 'fdqg q ' 1 Vwdqgdug dqdo|vlv
vkrzv wkdw .d7Eo  .d7Efo li dqg rqo| li { : {￿E: {2
< Uhihuhqfhv
Eudqghqexujhu D1/ ) E1 Qdohex +4<<8,= cFr0rshwlwlrq*/ Qhz \run= Fxu0
uhqf|2Grxeohgd|
Fudzirug/ Y1 ) M1 Vreho +4<;5,= cVwudwhjlf Lqirupdwlrq Wudqvplvvlrq*/
Hfrqrphwulfd 83/ 4764047851
Holdkvehuj/ M1 ) W1 Urehuwvrq +4<;;,= cQhz Surgxfw Suhdqqrxqflqj Eh0
kdylru= D Pdunhw Vljqdolqj Vwxg|*/ Mrxuqdo ri Pdunhwlqj Uhvhdufk 58/
5;50<51
Iduuhoo/ M1 ) J1 Vdorqhu +4<;9,= cLqvwdoohg Edvh dqg Frpsdwlelolw|= Lq0
qrydwlrq/ Surgxfw Suhdqqrxqfhphqwv/ dqg Suhgdwlrq*/ Dphulfdq Hfr0
qrplf Uhylhz :9/ <730881
5:Iduuhoo/ M1 +4<;:,= cFkhds Wdon/ Frruglqdwlrq/ dqg Hqwu|*/ Udqg Mrxuqdo
ri Hfrqrplfv 4;/ 6706<1
Ilvkhu/ I1P1/ PfJrzdq M1M1 ) Juhhqzrrg/ M1 +4<;8,= cIroghg/ vslq0
gohg dqg pxwlodwhg= Hfrqrplf dqdo|vlv dqg XV yv LEP*/ PLW Suhvv/
Fdpeulgjh/ Pdvvdfkxvhwwv1
Jdev}hzlf}/ M1M1 ) M1I1 Wklvvh +4<:<,= cSulfh frpshwlwlrq/ txdolw| dqg
lqfrph glvsdulwlhv*/ Mrxuqdo ri Hfrqrplf Wkhru| 53/ 673068<1
Jhuodfk/ K1D1 +4<<<,= cFdqqledolvdwlrq dqg ydsruzduh= Krz prqrsrolvwv
suhdqqrxqfh lqqrydwlrqv/ Xqlyhuvlw| ri Pdqqkhlp/ plphr1
Khqnho/ M1 +4<<9,= cJdphv zlwk hqgrjhqrxv sduwldo frpplwphqw*/ Grf0
wrudo Glvvhuwdwlrq/ Xqlyhuvlw| ri Pdqqkhlp1
Ndw}/ P1 O1 ) F1 Vkdslur +4<;9,= cWhfkqrorj| Dgrswlrq lq wkh Suhv0
hqfh ri Qhwzrun H{whuqdolwlhv*/ Mrxuqdo ri Srolwlfdo Hfrqrp| <7/ ;550
;741
Nÿkq/ N10X1 ) [1 Ylyhv +4<<8,= *Lqirupdwlrq H{fkdqjh dqg wkhlu Lp0
sdfw rq Frpshwlwlrq*/ Uhsruw iru wkh Hxurshdq Frpplvvlrq1
Uhlqjdqxp/ M1I1 +4<;6,= cXqfhuwdlq Lqqrydwlrq dqg wkh shuvlvwhqfh ri
prqrsro|*/ Dphulfdq Hfrqrplf Uhylhz :6/ :740:7;1
Vkdnhg/ D1 ) M1 Vxwwrq +4<;5,= cUhod{lqj sulfh frpshwlwlrq wkurxjk surg0
xfw glhuhqwldwlrq*/ Uhylhz ri Hfrqrplf Vwxglhv 7</ 60461
Vkdnhg/ D1 ) M1 Vxwwrq +4<;6,= cQdwxudo roljrsrolhv*/ Dphulfdq Hfrqrplf
Uhylhz :6/ :740:7;1
\lq/ M1\1 +4<<8,= cLqqrydwlrq dqqrxqfhphqw zlwk yhuwlfdo glhuhqwldwlrq*/
Mrxuqdo ri Hfrqrplf Ehkdylrxu dqg Rujdql}dwlrq 5;/ 6<<073;1
5;